The radiological assessment of diaphragmatic function has traditionally relied upon plain radiography and erect fluoroscopy.' Information about hemidiaphragmatic movement from plain radiography is limited because of the wide normal variability of hemidiaphragmatic position,2 while fluoroscopy is complicated both by conflicting reports of side to side variability23 and an apparent 6% incidence of paradoxical movement on sniffing in normal subjects.3 Ultrasound scanning is an accepted qualitative method of assessing hemidiaphragms -for example, subpulmonary effusions, subphrenic collections' and, more recently, traumatic rupture45 and pleural masses.' We have evaluated ultrasound scanning as a quantitative method of assessing hemidiaphragmatic movement in normal subjects.7 The normal ranges of craniocaudal excursion of the posterior hemidiaphragm (both in tidal and maximum voluntary respiration), and the right to left variability were determined, and acceptable reliability of the technique in terms of the interobserver and intraobserver reproducibility was shown. Using erect fluoroscopy it has been shown that the anterior part of the hemidiaphragm moves approximately 40% less than the posterior part, and that the mean axial motion is linearly related to the volume displacement of the diaphragm as measured by both respiratory induction plethysmography (Respitrace) and fluoroscopy in the erect position.8 This conflicts with the results of a study of the diaphragm using magnetic resonance imaging (MRI) in the supine position.9
ning as a quantitative method of assessing hemidiaphragmatic movement in normal subjects.7 The normal ranges of craniocaudal excursion of the posterior hemidiaphragm (both in tidal and maximum voluntary respiration), and the right to left variability were determined, and acceptable reliability of the technique in terms of the interobserver and intraobserver reproducibility was shown. Using erect fluoroscopy it has been shown that the anterior part of the hemidiaphragm moves approximately 40% less than the posterior part, and that the mean axial motion is linearly related to the volume displacement of the diaphragm as measured by both respiratory induction plethysmography (Respitrace) and fluoroscopy in the erect position.8 This conflicts with the results of a study of the diaphragm using magnetic resonance imaging (MRI) in the supine position.9
The aims of this study were to determine the relation of the posterior diaphragmatic excursion and inspired volume as measured by simultaneous ultrasound scanning and waterbath spirometric testing, to examine the variability of this relation in a normal group of subjects, to observe any difference in changing posture, and to assess the reproducibility of the relationship.
Methods

SUBJECTS
Fourteen healthy subjects with a wide range in age and body habitus (table 1), unpractised in performing respiratory manoeuvres, were studied. The age, height, weight, and chest circumference of each were recorded. In addition maximum and average peak inspiratory and expiratory mouth pressures, both in a supine and sitting position, were recorded as the best of three trials using a dedicated mouth pressure monitor (Chest Scientific).
STUDY DESIGN
Baseline ultrasound assessment of each hemidiaphragm was performed in the supine and sitting positions. Each subject was then simultaneously assessed with ultrasound while settled in a pattern of tidal breathing on a waterbath spirometer, both in the supine and sitting position. A series of inspired volumes was performed over the range from functional residual capacity to vital capacity. Spirometric data were recorded on the tracing and the diaphragmatic excursion recorded as before, the tape and trace being annotated to allow subsequent correlation for each breath. To assess reproducibility the study was repeated on a separate occasion (at least two weeks apart) in 10 subjects by the same operator. In particular, the relation between posterior hemidiaphragmatic excursion for sequential respiratory cycles and the inspired volume of that cycle was examined and described in terms of its gradient (hemidiaphragmatic excursion (mm)/inspired volume (1)), and intercept. The variation of these parameters within the individuals, both supine and sitting, was compared and the possible factors determining the gradient (height, weight, age, mouth pressures, and chest circumference) in this small group of individuals analysed to assess whether this relation might be predicted from these variables in any individual.
Results
All subjects tolerated the study and there were no withdrawals. Peak mouth pressures were in keeping with normal diaphragmatic function (table 2) making major weakness unlikely. In all subjects adequate views of each hemidiaphragm over the range of inspiratory volumes was obtained. It was noted that subjects with large excursions required careful attention to ensure full visualisation of each end of the respiratory cycle unobscured by the underlying movement of the ribs.
The relation between inspired volume and hemidiaphragmatic excursion was plotted and in all cases was seen to be linear (example of one subject fig 2) with little scatter, the mean (range) R' values (%) being 96 (89-99) and 96 (87-99) for right and left respectively in the supine position, and 94 (83-99) and 95 (87-99) in the sitting position. The gradients of these observed linear relations were calculated (hemidiaphragmatic excursion (mm)/inspired volume (1)) and the distribution and range of these gradients for each hemidiaphragm in each position was plotted and noted to be of normal distribution (table 3, fig 3) . The mean (SD) of each hemidiaphragm in the same position was not significantly different. The mean (SD) right to left ratio of the gradients was 1-02 (0 18) (95% CI 0 66 to 14) for the supine position and 1 13 (0 29) (95% CI 0 53 to 1 7) for the sitting position.
To evaluate the variation of this relation of inspired volume to diaphragmatic excursion in this small group the gradients for each subject for each hemidiaphragm in each position were compared with height, weight, age, mouth pressures, and chest circumference. No clear relation was found with a single variable. The best predictors of the gradient were, in decreasing order of power: vital capacity, weight, peak maximal and average expiratory mouth pressure. There was a significant postural difference in the gradients in a subject which Intraobserver reproducibility was better in the supine position with a coefficient of variance for the right hemidiaphragm of 7 5% compared with 11-7% on the left. This compared favourably with the sitting position with 22% on the right and 18% on the left.
Discussion
In accordance with our previous study7 ultrasound examination proved a simple, well tolerated, reproducible method of assessing hemidiaphragmatic movement in normal subjects. Its advantages over fluoroscopy are lack of risk from ionising radiation, portability, and direct quantitative information of the greatest amplitude of hemidiaphragmatic movement. The relation of this observed excursion with a range of inspired volumes appears linear for each hemidiaphragm in both the supine and sitting position. In this small group of normal subjects the range of gradients of these linear relations is not significantly different, and the range of the ratio of right to left gradients in the supine position (0-66-1 4) is similar to that of the observed ratio of right to left excursions on maximal voluntary ventilation in our previous study using ultrasound assessment alone (0-5-16 ). This supports the observation that there is a wide range of side to side variability in hemidiaphragmatic movement in normal subjects, but this can be evaluated with ultrasound. It is interesting to note that this is in agreement with the fluoroscopic "rule of thumb" described by Alexander3 that "the unequal movement of the two leaves of the diaphragm is usual, and unlikely to be of significance unless one excursion is at least twice as great as the other."
It is well known that vital capacity tends to rise on moving from a supine to an erect posture.'0 In addition, the positions of the hemidiaphragms on an inspiratory chest radiograph are known to be higher in a supine radiograph than one taken in the erect posi- 
